Abstract. This article analyzed the cause of data missing in WSN, and how to replenish the missing data based on data forecast. Then the article expounded the theoretical principle of data forecast. Based on the theoretical principle, the article proposed four types of method to make forecast. At the end of the article, we validated the forecast method through the experiments.
Introduction
Wireless sensor network (WSN) is consists of numerous sensor nodes, which is a self-organization and multi-hop communication network. Every sensor node is made up of a small memory, low power consumption CPU, sensor for data collection, small range wireless communication module and little power cell [1] . In recent years, WSN technology is widely apply to military reconnaissance, target tracking, monitor of ecological environment, industry and agriculture. However, because of the limit of processing capacity and battery level, the WSN will decrease the wireless communication, thus the life cycle of the WSN will as long as possible. And because of the huge quantity of node, the quality of WSN is instability. In the process of information transmission, some of the data will be lost. The reason of data missing include communication collision, busy network, and node error etc. One of the core issue of WSN is how to replenish the missing data. Data forecast technology is one of the method to solve the problem. The information of WSN have the characteristics of multiplicity and complexity, thus the data forecast for WSN should be robustness and parallel processing. In addition, many data of WSN is real-time data, thus the algorithm of data forecast should be fast-speed and high-precision. The data forecast of WSN was apply to many application area, and many method of data forecast was proposed.
Theoretical Principle

Spatial Similarity of WSN Data
At the same time, the sensor nodes which spread widely area have the similar sampling value when they were deployed in a short distance. So we can make data forecast and replenish based on the node position.
Time Similarity of WSN Data
In some applications, the WSN have a long working period. The data from the sensor node also is long-time and continued. Thus, the data from every single sensor node is similar in a short time cell, which we called time similarity [2] . So we can make data forecast and data replenish based on the time similarity.
Cycle Similarity of WSN Data
In the long period of wireless sensor network, we can acquire a large number of data. Statistically, the data usually have a cycle. Base on this character, we can make data forecast and data replenish.
Logic Similarity of WSN Data
In most WSNs, the node usually have several sensors which can collect different parameter. These data from one node usually have some relativity [3] . For example, in the occasion of temperature and humidity detection, the increase of temperature means the increase of humidity. Base on this character, we can make data forecast and data replenish.
The Method of Data Forecast
The key factor to make data forecast is the choice of forecast algorithm. So far there are timing algorithm [4] , GEP [5] , neural network [6] were apply to the data forecast of WSN. The model of data forecast will employ one of these algorithm, then the history data will be feed to the model, finally the model outputs the forecast result of missing data. If the deviation between the forecast result and the real sampling value is less than the threshold, we can consider the forecast is succeed, and replenish the missing data with the forecast result.
To solve the problem of data missing in WSN, this article present a data forecast technology based on multi-parameter collaborative filtering. Based on the cooperation mechanism, we evaluate the different index of WSN data, then according to the rank of different index, we acquire the recommended value, with which we can replenish the missing data. First, based on the time similarity, according to the Pearson Correlation Coefficient, compare the current data and history data, based on the matching degree, we can select the optimal several history data, which will be the forecast basis. Second, we will cluster the sensor data, in this step, we will apply the technology of cluster analysis, which will develop a sensor evaluation model. Base on the spatial similarity, we will evaluate the sensor data in the same cluster and correct the sensor data of last step. Third, we analyze the cycle similarity of sensor data. Based on millions of history data, we bring the sensor data into a WSN acquisition cycle, which will further amend the sensor data. Last, some data have the character of logic similarity, this article present a method of logic forecast. In order to improve the quality of forecast and cut down the running time, we employ an intelligent learning algorithm based on BP neural network. The algorithm will be fed in WSN history data flow, then we will acquire the similar degree of different data, last the mathematics relation will be acquired.
The Method of time Similarity Forecast
The article firstly consider the continuity of sensor data, and presents the data replenish method based on time similarity. By means of employing the different model, the algorithm can estimate and replenish the data which smoothly change in a certain time. With the idea of Collaborative Filtering, we present a method of replenish data based on Mathematical difference. In the method, we will estimate the missing data by existing data in adjacent time.
The Method of Spatial Similarity Forecast
On the foundation of time similarity forecast, we make further forecast based on spatial similarity. First, by comparing the signal intensity of sensor node, we divide the sensor data into several groups. Then, based on the sensor data in a same group, we improve the precision of data in time similarity forecast.
The Method of Cycle Similarity Forecast
In this step, we will analyze the history data of missing sensor, obtain the cycle character of existing data. Based on the cycle character, we can make further efforts to improve data precision.
The Method of Logic Similarity Forecast
In this step, we will analyze the interdependency of distinguished type data. We employ the intelligent learning algorithm which is based on BP (Back Propagation) neural net. The algorithm will be trained to obtain the functional relation of distinguished type sensor data. When one of these data is missing, the algorithm will calculate and forecast the data based on the relationship of distinguished type data.
Experimental Verification of Data Forecast
In this chapter, We select a set of data of a smart agriculture system and forecast the missing data based on our data forecast method. The smart agriculture system is consist of WSN deployed in farmland and software system in cloud platform. The WSN collected the data and saved the data in local. Then the sink node sent the data to cloud platform. Because of communication collision and other issues, the data which we received in cloud platform was missed about 10%. First, we forecasted the missing data based on our data forecast method, then we compared the forecast data and initial data saved in node, last we can make the conclusion how about the forecast method worked. We selected four types of data which was temperature, humidity, illuminance and soil moisture. 
Summary
From the Figure 1 , we can see that by the forecast method of time similarity, spatial similarity, cycle similarity and logic similarity, the data error ratio is reducing. The final results are basically reached the level of measurement accuracy of the relevant sensor data, so the forecast method is available.
